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(57) ABSTRACT

In implementations of systems for cloud-based resource
allocation using meters, a computing device implements a
resource system to receive resource data describing an
amount of cloud-based resources reserved for consumption
by client devices during a period of time and a total amount
of cloud-based resources consumed by the client devices
during the period of time. The resource system determines a
consumption distribution using each meter included 1n a set
of meters. Each of the consumption distributions allocates a
portion of the total amount of the cloud-based resources
consumed to each client device of the client devices. A
particular meter used to determine a particular consumption
distribution 1s selected based on a Kendall Tau coeflicient of
the particular consumption distribution. An amount of
cloud-based resources to allocate for a future period of time
1s estimated using the particular meter and an approximate
Shapley value.
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reserved for consumption by client devices during a period of time and a
total amount of cloud-based resources consumed by the client devices
during the period of time

004
Determine consumption distributions that attribute a portion of the {otal
amount of cloud-based rescurces consumed to each client device of the
client devices, each of the consumption distributions determined using a
meter included in a set of meters

006
Select a particular meter used o determine particular consumption
distribution, the particular meter selected based on a Kendall Tau

coefficient of the particular consumption distribution

6038
Estimate an amount of cloud-based resources to allocate for a future
period of time using the particular meter and an approximate Shapely
| value computed based on a difterence between the amount of clouad-
| based resources reserved for consumption and the total amount of cloud-
: based resources consumed

010
Allocate the estimated amount of cloud-based resources for the fulure
period of time
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CLOUD-BASED RESOURCE ALLOCATION
USING METERS

BACKGROUND

[0001] Cloud computing generally refers to on demand
delivery of cloud-based resources or services via a network
(e.g., the Internet) for consumption by remote computing
devices. A cloud resource provider delivers the cloud-based
resources to the remote computing devices via the network
in response to a request for the cloud-based resources. In one
common scenario, the cloud-based resources are requested
by a cloud service provider for consumption by remote
computing devices during a period of time (e.g., a day, a
week, a month, a year, etc.). Some of the remote computing
devices that consume the cloud-based resources requested
by the cloud service provider are additional cloud service
providers. These additional cloud service providers consume
the cloud-based resources via additional remote computing,
devices as part of services offered by the additional cloud
service providers.

[0002] In order to determine an amount of the cloud-based
resources to request for consumption by the remote com-
puting devices (including the additional remote computing,
devices serviced by the additional cloud service providers)
during a future period of time, the cloud service provider
attempts to estimate amounts of the cloud-based resources
consumed by the remote computing devices during a pre-
vious period of time. Estimating the amounts 1s challenging
because the only information available regarding cloud-
based resource consumption during the previous period of
time are values measured using a meter that 1s capable of
measuring a type of consumption of the cloud-based
resources. Examples of types of consumption which are
measurable using meters include an amount of data trans-
mitted, an amount of data received, an amount of time using,

a virtual machine, an amount of electric power used, and so
forth

[0003] If values measured by a meter accurately reflect
consumption of the cloud-based resources by the remote
computing devices during the previous period of time, then
the measured values are usable to estimate an amount of the
cloud-based resources to request for the future period of
time with greater accuracy. However, 1t 1s not possible to
determine whether values measured by a meter accurately
reflect consumption of the cloud-based resources using
conventional techniques. For instance, conventional systems
have no means of evaluating whether a particular meter 1s
accurate or whether the particular meter 1s more accurate
than another meter which 1s a shortcoming of the conven-
tional techniques.

SUMMARY

[0004] Techniques and systems are described for cloud-
based resource allocation using meters. In an example, a
computing device implements a resource system 1o receive
resource data describing an amount of cloud-based resources
reserved for consumption by client devices during a period
of time and a total amount of cloud-based resources con-
sumed by the client devices during the period of time.
Consumption distributions are determined that attribute a
portion of the total amount of cloud-based resources con-
sumed to each client device of the client devices. For
example, each of the consumption distributions 1s deter-
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mined using a meter included 1n a set of meters and each
meter included i the set of meters measures a type of
consumption of cloud-based resources.

[0005] The resource system selects a particular meter used
to determine a particular consumption distribution based on
a Kendall Tau coeflicient of the particular consumption
distribution 1n one example. For instance, the resource
system estimates an amount of cloud-based resources to
allocate for a future period of time using the particular meter
and an approximate Shapley value computed based on a
difference between the amount of cloud-based resources
reserved for consumption and the total amount of cloud-
based resources consumed. The estimated amount of cloud-
based resources 1s allocated for the future period of time.
[0006] This Summary introduces a selection of concepts 1n
a simplified form that are further described below 1n the
Detailed Description. As such, this Summary 1s not intended
to 1dentily essential features of the claimed subject matter,
nor 1s it itended to be used as an aid 1n determining the
scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The detailed description 1s described with refer-
ence to the accompanying figures. Entities represented 1in the
figures are 1indicative ol one or more entities and thus
reference 1s made interchangeably to single or plural forms
of the entities 1n the discussion.

[0008] FIG. 1 1s an 1illustration of an environment 1n an
example implementation that 1s operable to employ digital
systems and techniques for cloud-based resource allocation
using meters as described herein.

[0009] FIG. 2 depicts a system 1n an example implemen-
tation showing operation of a resource module for cloud-
based resource allocation using meters.

[0010] FIG. 3 1llustrates a representation of resource data.

[0011] FIG. 4 illustrates a representation of selecting a
particular meter included 1n a set of meters.

[0012] FIG. 5 illustrates a representation of estimating an
amount of cloud-based resources to allocate for a future
period of time using a particular meter.

[0013] FIG. 6 1s a flow diagram depicting a procedure 1n

an example implementation in which an estimated amount
of cloud-based resources 1s allocated for a future period of

time.

[0014] FIG. 7 illustrates an example user interface for
cloud-based resource allocation using meters.

[0015] FIG. 8 illustrates an example system that includes
an example computing device that 1s representative of one or

more computing systems and/or devices for implementing
the various techniques described herein.

DETAILED DESCRIPTION

[0016] Overview

[0017] Cloud resource providers deliver cloud-based
resources (€.g., data storage resources, processing resources,
soltware resources, etc.) to remote client devices for con-
sumption via a network in response to a request for the
cloud-based resources. For example, a cloud service pro-
vider requests an amount of the cloud-based resources for
the remote client devices to consume during a period of time
for the benefit of the remote client devices. The cloud service
provider does not have information regarding when and/or
how the remote client devices will consume the cloud-based
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resources during the period of time. Because of this, the
cloud service provider attempts to estimate amounts of the
cloud-based resources consumed by the client devices dur-
ing a previous period of time using a default meter included
in a set of meters.

[0018] Each meter included 1n the set of meters measures
a type of consumption of the cloud-based resources.
Examples of types of consumption that are measurable using
meters include gigabytes of data uploaded, gigabytes of data
downloaded, hours of time using a virtual machine, hours of
time using a virtual network, etc. For instance, the default
meter 1s selected from the set of meters subjectively, e.g., by
a human. If values measured by the default meter accurately
reflect consumption of the cloud-based resources by the
remote client devices during the previous period of time,
then the measured values are usable to estimate an amount
of the cloud-based resources to reserve for the period of time
with greater accuracy.

[0019] However, it 1s not possible to determine whether
values measured by the default meter accurately retlect
consumption of the cloud-based resources using conven-
tional techniques. This 1s at least partially because a type of
consumption of the cloud-based resources measured by the
default meter in conventional techniques does not capture
dependencies between the type of consumption and other
types of consumption of the cloud-based resources. Because
values measured by the default meter do not reflect these
dependencies, conventional systems have no objective
means of evaluating whether the default meter 1s accurate or
whether another meter included 1n the set of meters 1s more
accurate than the default meter.

[0020] In order to overcome the limitations of conven-
tional techniques, systems and techniques are described for
cloud-based resource allocation using meters. In one
example, a computing device implements a resource system
to receive resource data that describes an amount of cloud-
based resources reserved for consumption by client devices
during a period of time and a total amount of cloud-based
resources consumed by the client devices during the period
of time. For instance, the total amount of the cloud-based
resources consumed by the client devices 1s significantly less
than the amount of the cloud-based resources reserved for
consumption by the client devices during the period of time.

[0021] In an example, the total amount of the cloud-based
resources consumed by the client devices 1s measured using,
a default meter included 1n a set of meters. Each meter
included 1n the set of meters 1s capable of measuring a type
of consumption of the cloud-based resources such as an
amount of data transmitted, an amount of data received, an
amount of time using a virtual machine, an amount of
clectric power used, and so forth. Consider an example 1n
which the default meter measures virtual machine hours and
the client devices use virtual machines included in the
cloud-based resources to execute digital worktlows.

[0022] In this example, about 10 digital worktlows are
executable per hour by a client device using a virtual
machine. However, a single virtual machine 1s usable by
multiple client devices to execute digital workflows simul-
taneously. Thus, one virtual machine hour measured by the
default meter might correspond to 10 digital worktlows
executed by a single client device or to 30 digital worktlows
executed by three client devices simultaneously. Accord-
ingly, 1n this example, values measured by the default meter
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(e.g., virtual machine hours) do not accurately reflect con-
sumption of the cloud-based resources (e.g., digital work-
flows executed).

[0023] In order to select a meter from the set of meters that
1s capable of accurately quantifying the cloud-based
resources consumed by the client devices during the period
of time, the resource system determines a consumption
distribution using each meter included 1n the set of meters.
For example, each of the consumption distributions uses
values measured by a corresponding meter to attribute a
portion of the total amount of the cloud-based resources
consumed during the period of time to each client device of
the client devices. In this example, the resource system
selects a meter from the set of meters that 1s used to
determine a consumption distribution which maximizes two
properties.

[0024] The first property 1s that measured values of a
meter increase monotonically with the portions of the total
amount of the cloud-based resources consumed during the
period of time attributed to the client devices. The second
property 1s that measured values of a meter are highly
associated with the portion of the total amount of the
cloud-based resources consumed during the period of time
attributed to the client devices. To 1dentily a meter included
in the set of meters that maximizes the first property, the
resource system computes a Kendall Tau coeflicient for each
of the consumption distributions. Similarly, to i1dentily a
meter mcluded 1n the set of meters that maximizes the
second property, the resource system computes a Copula-
based index for each of the consumption distributions.

[0025] The resource system identifies a particular con-
sumption distribution having a highest Kendall Tau coefli-
cient and a highest Copula-based index and selects a par-
ticular meter included in the set of meters used to determine
the particular consumption distribution. For instance, the
resource system estimates an amount of the cloud-based
resources to allocate for a future period of time using the
particular meter and an approximate Shapley value com-
puted based on a difference between the amount of the
cloud-based resources reserved for consumption by the
client devices during the period of time and the total amount
of the cloud-based resources consumed by the client devices
during the period of time. For example, the diflerence
between the amount of the cloud-based resources reserved
for consumption and the total amount of the cloud-based
resources consumed represents a wasted amount of the
cloud-based resources during the period of time. The
resource system uses the approximate Shapley value to
fairly allocate the wasted amount of the cloud-based
resources among the client devices.

[0026] By selecting the particular meter from the set of
meters based on the Kendall Tau coetlicient and the Copula-
based index of the particular consumption distribution in this
way, the described systems improve a representation of the
cloud-based resources consumed by the client devices dur-
ing the period of time relative to a representation based on
values measured using the default meter. Accordingly, using
the improved representation to estimate the amount of the
cloud-based resources to allocate for a future period of time
increases an accuracy of the estimate which also reduces an
amount of wasted cloud-based resources during the future
period of time. Further, the described systems are usable to
select the particular meter from the set of meters automati-
cally and without user intervention which 1s not possible
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using conventional systems in which the default meter 1s
selected subjectively, e.g., by a human.

[0027] In the following discussion, an example environ-
ment 1s first described that employs examples of techniques
described herein. Example procedures are also described
which are performable in the example environment and
other environments. Consequently, performance of the
example procedures 1s not limited to the example environ-
ment and the example environment 1s not limited to perfor-
mance of the example procedures.

[0028] Example Environment

[0029] FIG. 1 1s an illustration of an environment 100 1n
an example implementation that i1s operable to employ
digital systems and techniques as described herein. The
illustrated environment 100 includes a computing device
102 connected to a network 104. The computing device 102
1s configurable as a desktop computer, a laptop computer, a
mobile device (e.g., assuming a handheld configuration such
as a tablet or mobile phone), and so forth. Thus, the
computing device 102 1s capable of ranging from a full
resource device with substantial memory and processor
resources (e.g., personal computers, game consoles) to a
low-resource device with limited memory and/or processing
resources (e.g., mobile devices).

[0030] In the illustrated example, the computing device
102 includes a storage device 106 and a resource module
108. For instance, the computing device 102 implements the
resource module 108 to transmit and/or receive data via the
network 104. As shown, the environment 100 includes
cloud-based resources 110 and client devices 112 which are
also connected to the network 104. For example, the cloud-
based resources 110 are computing resources (e.g., storage
capacity resources, processing resources, network resources,
soltware resources, and so forth) that are allocated by the

resource module 108 for consumption by the client devices
112 via the network 104.

[0031] In one example, the client devices 112 access the
cloud-based resources 110 via the network 104 and the client
devices 112 consume the cloud-based resources 110 by
performing data analytics, creating digital content, stream-
ing digital content, executing digital workflows, and so
forth. For instance, the computing device 102 implements
the resource module 108 to allocate an amount of the
cloud-based resources 110 for consumption by the client
devices 112 during a future period of time. To allocate the
amount of the cloud-based resources 110 1n one example, the
resource module 108 receives resource data 114 via the
network 104 which includes reserved data 116 and con-
sumed data 118. The reserved data 116 describes an amount
of the cloud-based resources 110 reserved for consumption
by the client devices 112 during a period of time. The
consumed data 118 describes a total amount of the cloud-
based resources 110 consumed by the client devices 112
during the period of time which 1s measured using a default
meter included 1n a set of meters 120.

[0032] For instance, each meter included 1n the set of
meters 120 1s capable of measuring a type of consumption
of the cloud-based resources 110 such as an amount of data
transmitted, an amount of data received, an amount of time
using a virtual machine, an amount of electric power used,
and so forth. In an example, the set of meters 120 includes
a meter configured to measure value core hours, a meter
configured to measure ingest request timer counts, a meter
configured to measure 1ngest request latency, etc. Accord-
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ingly, the default meter 1s not necessarily a best meter
included 1n the set of meters 120 for quantifying the total
amount of the cloud-based resources 110 consumed by the
client devices 112 during the period of time.

[0033] Consider an example 1 which the default meter
measures virtual machine hours for a first client device and
a second client device included 1n the client devices 112. In
this example, the first client device and the second client
device each execute five jobs simultaneously via the net-
work 104 using a single virtual machine included i the
cloud-based resources 110 over a period of two hours. The
default meter that measures virtual machine hours attributes
one hour to the first client device and one hour to the second
client device. Thus, a consumption distribution determined
using the default meter 1s one virtual machine hour con-
sumed by the first client device and one virtual machine hour
consumed by the second client device. However, a diflerent
meter included in the set of meters 120 that measures
numbers of jobs executed attributes five jobs to the first
client device and five jobs to the second client device.
Accordingly, a consumption distribution determined using
the different meter 1s five jobs executed by the first client
device and five jobs executed by the second client device.

[0034] Continuing the previous example, the different
meter included in the set of meters 120 that measures
numbers of jobs executed provides a more accurate quanti-
fication of the cloud-based resources 110 consumed by the
first and second client devices than the default meter that
measures virtual machine hours. For instance, the default
meter does not distinguish between hours in which a par-
ticular virtual machine 1s used by multiple client devices of
the client devices 112 and hours in which the particular
virtual machine 1s used by a single client device of the client
devices 112. As a result of this, the consumption distribution
determined using the default meter only attributes one
virtual machine hour to each of the first and second client
devices even though both the first and second client devices
used the virtual machine for two hours. For example, if the
resource module 108 estimates an amount of the cloud-
based resources 110 to allocate for the future period of time
using the default meter, then the estimated amount 1s likely
to be too low such that not enough of the cloud-based
resources 110 would be available for consumption during
the future period of time.

[0035] In contrast to the default meter, the different meter
that measures numbers of jobs executed attributes all five
jobs executed by the first client device to the first client
device and attributes all five jobs executed by the second
client device to the second client device. For example, 11 the
resource module 108 estimates an amount of the cloud-
based resources 110 to allocate for the future period of time
using the diflerent meter, then the estimated amount 1s likely
to be suflicient such that enough of the cloud-based
resources 110 would be available for consumption during
the future period of time. Accordingly, 1t 1s important for the
resource module 108 to select a meter from the set of meters
120 that accurately quantifies the cloud-based resources 110
consumed by the client devices 112 during the period of
time.

[0036] In order to select a meter from the set of meters 120
which 1s capable of accurately quantitying the cloud-based
resources 110 consumed by the client devices 112, the
resource module 108 determines a consumption distribution
using each meter included 1n the set of meters 120. Each of
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the consumption distributions uses measured values of a
corresponding meter included in the set of meters 120 to
attribute a portion of the total amount of the cloud-based
resources 110 consumed during the period of time to each
client device of the client devices 112. For example, the
resource module 108 selects the meter from the set of meters
120 that 1s used to determine a corresponding consumption
distribution which maximizes two properties.

[0037] The first property i1s that measured values of the
meter increase monotonically with the portions of the of the
total amount of the cloud-based resources 110 consumed
during a period of time attributed to the client devices 112.
For example, 11 a measured meter value of a particular client
device of the client devices 112 1s increased, then a portion
of the total amount of the cloud-based resources 110 con-
sumed during the period of time that 1s attributed to the
particular client device does not decrease. The second prop-
erty 1s that the meter values of the meter are highly associ-
ated with the portions of the total amount of the cloud-based
resources 110 consumed during the period of time attributed
to the client devices 112. In one example, 11 a measured
meter value of the particular client device of the client
devices 112 1s increased, then a portion of the total amount
of the cloud-based resources 110 consumed during the
period of time that 1s attributed to the particular client device
also increases.

[0038] Inorder to maximize the first property, the resource
module 108 computes a Kendall Tau coeflicient for each of
the consumption distributions. Similarly, 1n order to maxi-
mize the second property, the resource module 108 com-
putes a Copula-based index for each of the consumption
distributions. The resource module 108 then identifies a
particular consumption distribution having a highest Kend-
all Tau coethicient and a highest Copula-based index and
selects a particular meter used to determine the particular
consumption distribution from the set of meters 120. In a
first example, the particular meter 1s configured to measure
valve core hours. In a second example, the particular meter
1s configured to measure mgest request timer counts. In a
third example, the particular meter 1s configured to measure
ingest request latency.

[0039] Forexample, the default meter 1s used to determine
a current consumption distribution and a Kendall Tau coet-
ficient of the particular consumption distribution 1s greater
than a Kendall Tau coeflicient of the current consumption
distribution. In this example, a Copula-based index of the
particular consumption distribution 1s greater than a Copula-
based index of the current consumption distribution. In one
example, the Kendall Tau coeflicient and the Copula-based
index are not weighted or are weighted equally. In another
example, the Kendall Tau coeflicient 1s assigned a greater
weight than the Copula-based index. In a third example, the
Copula-based index 1s assigned a greater weight than the
Kendall Tau coeflicient.

[0040] The resource module 108 estimates the amount of
the cloud-based resources 110 to allocate for the future
period of time using the particular meter and an approximate
Shapley value computed based on a difference between the
amount of the cloud-based resources 110 reserved for con-
sumption by the client devices 112 during the period of time
and the total amount of the cloud-based resources 110
consumed by the client devices 112 during the period of
time. For instance, the difference between the amount of the
cloud-based resources 110 reserved for consumption by the
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client devices 112 and the total amount of the cloud-based
resources 110 consumed by the client devices 112 15 a
positive number that represents a wasted amount of the
cloud-based resources 110 during the period of time. By
computing the approximate Shapley value, the resource

module 108 fairly attributes the wasted amount of the
cloud-based resources 110 to the client devices 112.

[0041] The resource module 108 generates allocation data
122 describing the estimated amount of the cloud-based
resources 110 to allocate for the future period of time. For
example, the resource module 108 communicates the allo-
cation data 122 via the network 104 to allocate a portion 124
of the cloud-based resources 110 for the future period of
time. By 1dentifying the particular consumption distribution
having the highest Kendall Tau coeflicient and the highest
Copula-based imndex and selecting the particular meter used
to determine the particular consumption distribution from
the set of meters 120 1n this manner, the resource module
108 estimates the amount of the cloud-based resources 110
to allocate for the future period of time using an improved
representation of the cloud-based resources 110 consumed
during the period of time compared to using the default
meter that measures virtual machine hours. This improves an
accuracy of the estimated amount of the cloud-based
resources 110 and reduces an amount of wasted resources
that are reserved for consumption but not consumed during
the future period of time.

[0042] For example, the improved representation of the
cloud-based resources 110 1s further usable to predictively
distribute the cloud-based resources 110 among the client
devices 112. In this mariner, the portion 124 of the cloud-
based resources 110 1s allocatable to the client devices 112
or a portion of the client devices 112 1n substantially real
time. In some examples, resource module 108 generates
allocation data 122 describing the estimated amount of the
cloud-based resources 110 and causes the estimated amount
of the cloud-based resources 110 to be predictively distrib-
uted to the client devices 112. In other examples, the
resource module 108 leverages the particular meter to gen-
crate training data such as for training a machine learning
model.

[0043] As used herein, the term “machine learning model”
refers to a computer representation that 1s tunable (e.g.,
trainable) based on mputs to approximate unknown func-
tions. By way of example, the term “machine learming
model” includes a model that utilizes algorithms to learn
from, and make predictions on, known data by analyzing the
known data to learn to generate outputs that retlect patterns
and attributes of the known data. According to various
implementations, such a machine learning model uses super-
vised learning, semi-supervised learning, unsupervised
learning, reinforcement learning, and/or transfer learning.
For example, the machine learning model 1s capable of
including, but 1s not limited to, clustering, decision trees,
support vector machines, linear regression, logistic regres-
sion, Bayesian networks, random forest learming, dimen-
sionality reduction algorithms, boosting algorithms, artifi-
cial neural networks (e.g., fully-connected neural networks,
deep convolutional neural networks, or recurrent neural
networks), deep learning, etc. By way of example, a
machine learning model makes high-level abstractions in
data by generating data-driven predictions or decisions from
the known 1nput data.
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[0044] Consider an example 1n which the resource module
108 uses the particular meter that accurately quantifies the
cloud-based resources 110 consumed by the client devices
112 during the period of time to generate training data based
on accurately quantified amounts of the cloud-based
resources 110 consumed by the client devices 112 during
prior periods of time. In this example, the resource module
108 trains a machine learning model to predictively allocate/
distribute the cloud-based resources 110 among the client
devices 112 using the training data. Once trained, the
machine learning model receives an mput that accurately
quantifies the cloud-based resources 110 consumed by the
client devices 112 during the period of time and the machine
learning model generates a predicted amount of the cloud-
based resources 110 to allocate for the future period of time
as an output. For instance, the resource module 108 gener-
ates the allocation data 122 as describing the predicted
amount of the cloud-based resources 110 output by the
machine learning model and causes a predicted distribution
of the amount of the cloud-based resources 110 among the
client devices 112 during the future period of time.

[0045] FIG. 2 depicts a system 200 1n an example imple-
mentation showing operation of a resource module 108. The
resource module 108 1s 1llustrated to include a consumption
module 202, a selection module 204, an estimate module
206, and an allocation module 208. For example, the con-
sumption module 202 receives resource data 114 describing
an amount of the cloud-based resources 110 reserved for
consumption by the client devices 112 during a period of
time and a total amount of the cloud-based resources 110
consumed by the client devices 112 during the perniod of
fime.

[0046] FIG. 3 illustrates a representation 300 of resource
data 114. As shown, indicator 302 represents the amount of
the cloud-based resources 110 reserved for consumption by
the client devices 112 during the period of time. Indicator
304 represents the total amount of the cloud-based resources
110 consumed by the client devices 112 during the period of
fime measured by a default meter included 1n the set of
meters 120. For example, the default meter measures values
which each correspond to an amount of the cloud-based
resources 110 consumed by a client device included 1n the
client devices 112 at a particular point 1n time during the
period of time. In this example, a point of the indicator 304
corresponding to the particular point 1n time represents a
sum of all of the values measured by the default meter at the
particular point 1n time. For mnstance, a difference between
the 1ndicator 302 and the indicator 304 represents a wasted
amount of the cloud-based resources 110 during the period
of time.

[0047] With reference to FIG. 2, the consumption module
202 processes the resource data 114 to generate distribution
data 210. To do so 1n one example, the consumption module
202 determines a consumption distribution for each meter
included 1n the set of meters 120. For example, a consump-
tion distribution for a particular meter includes a set of
values measured by the particular meter and each measured
value corresponds to an amount of the cloud-based resources
110 consumed by a client device included in the client
devices 112 during the period of time.

[0048] For nstance, the consumption module 202 deter-
mines a consumption distribution for a different meter
included 1n the set of meters 120 by using the different meter
to measure the total amount of the cloud-based resources
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110 consumed by the client devices 112 during the period of
fime. The consumption module 202 then determines a con-
sumption distribution for an additional different meter
included 1n the set of meters 120 by using the additional
different meter to measure the total amount of the cloud-
based resources 110 consumed by the chient devices 112
during the period of time. The consumption module 202
continues to determine consumption distributions for differ-
ent meters mcluded 1n the set of meters 120 until a con-
sumption distribution has been determined for each meter
included 1n the set of meters 120. The consumption module
202 generates the distribution data 210 as describing the
determined consumption distribution for each meter
included 1n the set of meters 120.

[0049] The selection module 204 receives the distribution
data 210 and processes the distribution data 210 to generate
meter data 212. For example, the selection module 204

computes a Kendall Tau coefficient for each consumption
distribution described by the distribution data 210. In one
example, the 1s representable as:

Nec —Np
T =
Iy
(2

where: T 1s a Kendall Tau coefficient of a consumption
distribution for a meter included in the set of meters 120; n
1s a total number of values measured by the meter that
correspond to amounts of the cloud-based resources 110
consumed; N - 1s a number of concordant pairs of the values
measured by the meter that correspond to amounts of the
cloud-based resources 110 consumed; and N, 1s a number of
discordant pairs of the values measured by the meter that
correspond to amounts of the cloud-based resources 110
consumed.

[0050] In an example, the selection module 204 also
computes a Copula-based index for each of the consumption
distributions described by the distribution data 210. In this
example, the Copula-based index of a consumption distri-
bution indicates an association or a dependence between
values measured by a meter used to determine the consump-
tion distribution and amounts of the cloud-based resources
110 consumed that correspond to the values measured by the
meter. In some examples, the selection module 204 com-
putes the Copula-based index as described by Karra et al.,
Copula Index for Detecting Dependence and Monotonicity
between Stochastic Signals, arXiv:1703.06686v5 [stat. ML]
(6 Oct. 2018). In one example, the selection module 204
computes the Copula-based index for each of the consump-
tion distributions described by the distribution data 210 as a
modified Kendall Tau coefficient computed over monotonic
regions of each of the consumption distributions (e.g., to
indicate non-linear dependence).

[0051] The selection module 204 then leverages the Ken-
dall Tau coefficients and the Copula-based indices of the
consumption distributions to select a particular meter
included 1n the set of meters 120. FIG. 4 illustrates a
representation 400 of selecting a particular meter included 1n
a set of meters. As shown, the representation 400 depicts
example meters included 1n the set of meters 120 organized
by Kendall Tau coefficients 402 and Copula-based indices
404 of consumption distributions determined using the
example meters. For instance, the set of meters 120 includes
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meters 406-418. The selection module 204 selects meter 418
as having a highest associated Kendall Tau coetlicient and a
highest associated Copula-based index of the meters 406-
418. For example, the meter 418 1s the particular meter
included 1n the set of meters 120. The selection module 204
generates the meter data 212 as describing the meter 418
which 1s the particular meter 1n this example.

[0052] The estimate module 206 receives the meter data
212 and the resource data 114 and the estimate module 206
processes the meter data 212 and/or the resource data 114 to
generate allocation data 214. For example, the estimate
module 206 processes the meter data 212 and/or the resource
data 114 to estimate an amount of the cloud-based resources
110 to allocate for a future period of time using the meter
418 and an approximate Shapley value computed based on
a diflerence between the amount of the cloud-based
resources 110 reserved for consumption during the period of
time (represented by the indicator 302) and the total amount
of the cloud-based resources 110 consumed during the
period of time (represented by the indicator 304). In some
examples, the estimate module 206 computes the approxi-
mate Shapley value 1n a manner as described by Roth et al.,
The Shapley Value as Applied to Cost Allocation: A Rein-
tevpretation, Journal of Accounting Research, Vol. 17, No. 1
(19°79) and/or Fatima et al., 4 Linear Approximation Method
for the Shapley Value, Artificial Intelligence, Vol. 172, Issue
14, pages 1673-1699, (2008). For instance, estimate module
206 computes the approximate Shapley value to fairly
attribute the wasted amount of the cloud-based resources
110 during the period of time to the client devices 112. In
one example, the estimate module 206 computes the
approximate Shapley value to attribute a portion of the
wasted amount of the cloud-based resources 110 to each
client device mcluded 1n the client devices 112.

[0053] FIG. Sillustrates a representation 500 of estimating
an amount of cloud-based resources to allocate for a future
period of time using a particular meter. As shown, an
estimated amount of the cloud-based resources 110 con-
sumed by the client devices 112 during the future period of
time 1s represented by indicator 502. An estimated amount
of the cloud-based resources 110 to allocate for the future
period of time 1s represented by indicator 504. The estimate
module 206 generates the allocation data 214 as describing,
the estimated amount of the cloud-based resources 110 to
allocate for the future period of time (represented by the
indicator 504). The allocation module 208 receives the
allocation data 214 and processes the allocation data 214 to
allocate the estimated amount of the cloud-based resources
110 for the future period of time. For instance, the allocation
module 208 communicates the allocation data 214 via the
network 104 to allocate the portion 124 of the cloud-based
resources 110 for the future period of time.

[0054] For example, by selecting the meter 418 based on
the Kendall Tau coethicient and the Copula-based index of a
consumption distribution determined using the meter 418,
the resource module 108 1mproves a representation of the
total amount of the cloud-based resources 110 consumed
during the period of time. By using the improved represen-
tation of the total amount of the cloud-based resources 110
consumed during the period of time to estimate the amount
of the cloud-based resources 110 to allocate for the future
period of time, the resource module 108 also 1ncreases an
accuracy of this estimate relative to an estimate based on the
default meter included 1n the set of meters 120. In some
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examples, the resource module 108 leverages the increased
accuracy of the estimated amount of the cloud-based
resources 110 to reduce a safety margin applied to the
amount of the cloud-based resources 110 reserved for con-
sumption during the future period of time which results 1n a
smaller amount of wasted cloud-based resources 110 for the
future period of time compared to the period of time. For
example, a difference between the indicator 302 and the
indicator 304 which represented the wasted amount of the
cloud-based resources 110 during the period of time 1is
greater than a difference between the indicator 504 and the
indicator 502 which represents a wasted amount of the
cloud-based resources 110 during the future period of time.

[0055] In general, functionality, features, and concepts
described in relation to the examples above and below are
employed in the context of the example procedures
described 1n this section. Further, functionality, features, and
concepts described 1n relation to different figures and
examples 1n this document are interchangeable among one
another and are not limited to implementation in the context
ol a particular figure or procedure. Moreover, blocks asso-
ciated with different representative procedures and corre-
sponding figures herein are applicable individually, together,
and/or combined 1n different ways. Thus, individual func-
tionality, features, and concepts described in relation to
different example environments, devices, components, fig-
ures, and procedures herein are usable 1 any suitable
combinations and are not limited to the particular combina-
tions represented by the enumerated examples in this
description.

[0056] Example Procedures

[0057] The following discussion describes techniques
which are implementable utilizing the previously described
systems and devices. Aspects of each of the procedures are
implementable 1n hardware, firmware, software, or a com-
bination thereof. The procedures are shown as a set of blocks
that specily operations performed by one or more devices
and are not necessarily limited to the orders shown for
performing the operations by the respective blocks. In
portions of the following discussion, reference 1s made to
FIGS. 1-5. FIG. 6 1s a flow diagram depicting a procedure
600 1n an example implementation 1 which an estimated
amount of cloud-based resources 1s allocated for a future
period ol time.

[0058] Resource data 1s received describing an amount of
cloud-based resources reserved for consumption by client
devices during a period of time and a total amount of the
cloud-based resources consumed by the client devices dur-
ing the period of time (block 602). The computing device
102 implements the resource module 108 to receive the
resource data i one example. Consumption distributions are
determined (block 604) that attribute a portion of the total
amount of cloud-based resources consumed to each client
device of the client devices, each of the consumption dis-
tributions determined using a meter included in a set of
meters. For example, the resource module 108 determines
the consumption distributions.

[0059] A particular meter used to determine a particular
consumption distribution 1s selected based on a Kendall Tau
coellicient of the particular consumption distribution (block
606). In one example, the computing device 102 implements
the resource module 108 to select the particular meter. An
amount of cloud-based resources to allocate for a future
period of time 1s estimated using the particular meter and an
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approximate Shapley value computed based on a diflerence
between the amount of cloud-based resources reserved for
consumption and the total amount of cloud-based resources
consumed (block 608). For example, the resource module
108 estimates the amount of cloud-based resources to allo-
cate for the future period of time. The estimated amount of
cloud-based resources 1s allocated for the future period of
time (block 610). In an example, the computing device 102
implements the resource module 108 to allocate the esti-
mated amount of cloud-based resources for the future period
ol time.

[0060] FIG. 7 illustrates an example user interface 700 for
cloud-based resource allocation using meters. As 1llustrated
in FIG. 7, the user interface 700 includes representations of
different meters included 1n the set of meters 120 which are
displayed based on Kendall Tau coeflicients 702 and
Copula-based indices 704 computed from consumption dis-
tributions determined using the different meters imncluded in
the set of meters 120. For example, a user interacts with an
input device (e.g., a mouse, a stylus, a touchscreen, a
keyboard, etc.) relative to the user interface 700 to manipu-
late a cursor 706 within the user interface 700.

[0061] The user interface 700 includes a representation of
the default meter 708 included 1n the set of meters 120 and
the particular meter 710 included 1n the set of meters 120.
For example, the default meter 708 measures valve core
hours and the particular meter 710 measures ingest request
timer counts. In one example, the default meter 708 mea-
sures valve core hours and the particular meter 710 measures
ingest request latency. In another example, the default meter
708 measures virtual machine hours and the particular meter
710 measures numbers of workflows executed.

[0062] As shown, a Kendall Tau coeflicient for the par-
ticular meter 710 1s greater than a Kendall Tau coeflicient for
the default meter 708. Accordingly, a monotonicity between
values measured by the particular meter 710 and corre-
sponding amounts of the cloud-based resources 110 con-
sumed 1s greater than a monotonicity between values mea-
sured by the default meter 708 and corresponding amounts
of the cloud-based resources 110 consumed. Similarly, a
Copula-based index for the particular meter 710 1s signifi-
cantly greater than the Copula-based index for the default
meter 708. Thus, an association between the values mea-
sured by the particular meter 710 and the corresponding
amounts ol the cloud-based resources 110 consumed 1is
greater than an associate between the values measured by
the default meter 708 and the corresponding amounts of the
cloud-based resources 110 consumed.

Example Improvements

[0063] Table 1 below presents results of an objective
comparison between accuracies of estimated amounts of the
cloud-based resources 110 to allocate for a future period of
time using the default meter from the set of meters 120 and
the particular meter from the set of meters 120. The esti-
mated amounts of the cloud-based resources 110 to allocate
for the future period of time using the default meter and the
particular meter are compared with an actual amount of the
cloud-based resources 110 consumed during the future
period of time to compute a root-mean-square error for
several categories of the cloud-based resources 110 which
are also presented 1n Table 1.
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TABLE 1

Root-Mean-Square Error for Default Meter and Particular Meter

Category Default Meter Particular Meter
Bandwidth 20.90 4.46

Storage 2.26e™ 1.57e™°
Virtual Machines 281933 8145

Virtual Network 3.2¢7 2.61e™

[0064] As shown 1 Table 1 above, the amount of the
cloud-based resources 110 estimated using the particular
meter included 1n the set of meters 120 1s more accurate than
the amount of the cloud-based resources 110 estimated using
the default meter included i1n the set of meters 120 for each
category considered. For the categories of Bandwidth, Stor-
age, and Virtual Machines, the root-mean-square error asso-
ciated with the particular meter 1s an order of magnitude
lower than the root-mean-square error associated with the
default meter.

10065]

[0066] FIG. 8 illustrates an example system 800 that
includes an example computing device that 1s representative
of one or more computing systems and/or devices that are
usable to implement the various techniques described
herein. This 1s illustrated through inclusion of the resource
module 108. The computing device 802 includes, for
example, a server of a service provider, a device associated
with a client (e.g., a client device), an on-chip system, and/or
any other suitable computing device or computing system.

[0067] The example computing device 802 as illustrated
includes a processing system 804, one or more computer-
readable media 806, and one or more I/O interfaces 808 that
are communicatively coupled, one to another. Although not
shown, the computing device 802 further includes a system
bus or other data and command transier system that couples
the various components, one to another. For example, a
system bus includes any one or combination of different bus
structures, such as a memory bus or memory controller, a
peripheral bus, a universal serial bus, and/or a processor or
local bus that utilizes any of a variety of bus architectures.
A variety of other examples are also contemplated, such as
control and data lines.

[0068] The processing system 804 1s representative of
functionality to perform one or more operations using hard-
ware. Accordingly, the processing system 804 1s 1llustrated
as mcluding hardware elements 810 that are configured as
processors, functional blocks, and so forth. This includes
example implementations 1 hardware as an application
specific integrated circuit or other logic device formed using,
one or more semiconductors. The hardware elements 810 are
not limited by the matenials from which they are formed or
the processing mechanisms employed therein. For example,
processors are comprised of semiconductor(s) and/or tran-
sistors (e.g., electronic integrated circuits (ICs)). In such a
context, processor-executable instructions are, for example,
clectronically-executable instructions.

[0069] The computer-readable media 806 1s illustrated as
including memory/storage 812. The memory/storage 812
represents memory/storage capacity associated with one or
more computer-readable media. In one example, the
memory/storage 812 includes volatile media (such as ran-
dom access memory (RAM)) and/or nonvolatile media (such
as read only memory (ROM), Flash memory, optical disks,

Example System and Device
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magnetic disks, and so forth). In another example, the
memory/storage 812 includes fixed media (e.g., RAM,
ROM, a fixed hard drive, and so on) as well as removable
media (e.g., Flash memory, a removable hard drive, an
optical disc, and so forth). The computer-readable media 806
1s configurable 1n a variety of other ways as further described
below.

[0070] Input/output interface(s) 808 are representative of
functionality to allow a user to enter commands and 1nfor-
mation to computing device 802, and also allow information
to be presented to the user and/or other components or
devices using various input/output devices. Examples of
iput devices include a keyboard, a cursor control device
(e.g., a mouse), a microphone, a scanner, touch functionality
(e.g., capacitive or other sensors that are configured to detect
physical touch), a camera (e.g., which employs visible or
non-visible wavelengths such as infrared frequencies to
recognize movement as gestures that do not involve touch),
and so forth. Examples of output devices include a display
device (e.g., a monitor or projector), speakers, a printer, a
network card, tactile-response device, and so forth. Thus, the
computing device 802 is configurable 1n a variety of ways as
turther described below to support user interaction.

[0071] Various techniques are described herein in the
general context of software, hardware elements, or program
modules. Generally, such modules include routines, pro-
grams, objects, elements, components, data structures, and
so Torth that perform particular tasks or implement particular
abstract data types. The terms “module,” “functionality,”
and “component” as used herein generally represent sofit-
ware, firmware, hardware, or a combination thereof. The
features of the techniques described herein are platforms-
independent, meamng that the techniques are implementable
on a variety ol commercial computing platforms having a
variety ol processors.

[0072] Implementations of the described modules and
techniques are storable on or transmitted across some form
of computer-readable media. For example, the computer-
readable media includes a variety of media that 1s accessible
to the computing device 802. By way of example, and not
limitation, computer-readable media includes “computer-
readable storage media” and “computer-readable signal
media.”

[0073] “Computer-readable storage media” refers to
media and/or devices that enable persistent and/or non-
transitory storage of information 1n contrast to mere signal
transmission, carrier waves, or signals per se. Thus, com-
puter-readable storage media refers to non-signal bearing
media. The computer-readable storage media includes hard-
ware such as volatile and non-volatile, removable and non-
removable media and/or storage devices implemented 1n a
method or technology suitable for storage of information
such as computer readable instructions, data structures,
program modules, logic elements/circuits, or other data.
Examples ol computer-readable storage media include, but
are not limited to, RAM, ROM, EEPROM, flash memory or
other memory technologyj CD-ROM, dlgltal versatile disks
(DVD) or other optical storage, hard disks, magnetic cas-
settes, magnetic tape, magnetic disk storage or other mag-
netic storage devices, or other storage device, tangible
media, or article of manufacture suitable to store the desired
information and which are accessible to a computer.

[0074] “Computer-readable signal media” refers to a sig-
nal-bearing medium that 1s configured to transmit instruc-

Aug. 17,2023

tions to the hardware of the computing device 802, such as
via a network. Signal media typically embodies computer
readable 1nstructions, data structures, program modules, or
other data 1n a modulated data signal, such as carrier waves,
data signals, or other transport mechanism. Signal media
also include any information delivery media. The term
“modulated data signal” means a signal that has one or more
ol 1ts characteristics set or changed 1n such a manner as to
encode mformation 1n the signal. By way of example, and
not limitation, communication media include wired media
such as a wired network or direct-wired connection, and
wireless media such as acoustic, RF, infrared, and other
wireless media.

[0075] As previously described, hardware elements 810
and computer-readable media 806 are representative of
modules, programmable device logic and/or fixed device
logic implemented 1n a hardware form that 1s employable 1n
some embodiments to implement at least some aspects of the
techniques described herein, such as to perform one or more
instructions. Hardware includes components of an integrated
circuit or on-chip system, an application-specific integrated
circuit (ASIC), a field-programmable gate array (FPGA), a
complex programmable logic device (CPLD), and other
implementations 1n silicon or other hardware. In this con-
text, hardware operates as a processing device that performs
program tasks defined by instructions and/or logic embodied
by the hardware as well as a hardware utilized to store
instructions for execution, e.g., the computer-readable stor-
age media described previously.

[0076] Combinations of the foregoing are also employable
to implement various techniques described herein. Accord-
ingly, software, hardware, or executable modules are 1mple-
mentable as one or more instructions and/or logic embodied
on some form of computer-readable storage media and/or by
one or more hardware clements 810. For example, the
computing device 802 1s configured to implement particular
istructions and/or functions corresponding to the software
and/or hardware modules. Accordingly, implementation of a
module that 1s executable by the computing device 802 as
software 1s achieved at least partially in hardware, e.g.,
through use of computer-readable storage media and/or
hardware elements 810 of the processing system 804. The
instructions and/or functions are executable/operable by one
or more articles of manufacture (for example, one or more
computing devices 802 and/or processing systems 804) to
implement techniques, modules, and examples described
herein.

[0077] The techmques described herein are supportable by
various configurations of the computing device 802 and are
not limited to the specific examples of the techniques
described herein. This functionality 1s also implementable
entirely or partially through use of a distributed system, such
as over a “cloud” 814 as described below.

[0078] The cloud 814 includes and/or 1s representative of
a platform 816 for resources 818. The platform 816 abstracts
underlying functionality of hardware (e.g., servers) and
soltware resources of the cloud 814. For example, the
resources 818 include applications and/or data that are
utilized while computer processing i1s executed on servers
that are remote from the computing device 802. In some
examples, the resources 818 also include services provided
over the Internet and/or through a subscriber network, such
as a cellular or Wi-Fi network.
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[0079] The platform 816 abstracts the resources 818 and
functions to connect the computing device 802 with other
computing devices. In some examples, the platform 816 also
serves to abstract scaling of resources to provide a corre-
sponding level of scale to encountered demand for the
resources that are implemented via the platform. Accord-
ingly, in an mterconnected device embodiment, implemen-
tation of functionality described herein 1s distributable
throughout the system 800. For example, the functionality 1s
implementable in part on the computing device 802 as well
as via the platform 816 that abstracts the functionality of the

cloud 814.

[0080]

[0081] Although implementations of systems for cloud-
based resource allocation using meters have been described
in language specific to structural features and/or methods, 1t
1s to be understood that the appended claims are not neces-
sarily limited to the specific features or methods described.
Rather, the specific features and methods are disclosed as
example 1mplementations of systems for cloud-based
resource allocation using meters, and other equivalent fea-
tures and methods are intended to be within the scope of the
appended claims. Further, various different examples are
described and it 1s to be appreciated that each described
example 1s implementable independently or in connection
with one or more other described examples.

Conclusion

What 1s claimed 1s:

1. In a digital medium environment for cloud-based
resource allocation, a method implemented by a computing
device, the method comprising:

receiving, by the computing device, resource data describ-
ing an amount of cloud-based resources reserved for
consumption by client devices during a period of time
and a total amount of cloud-based resources consumed
by the client devices during the period of time;

determining, by the computing device, consumption dis-
tributions that attribute a portion of the total amount of
cloud-based resources consumed to each client device
of the client devices, each of the consumption distri-
butions determined using a meter mncluded 1n a set of
meters;

selecting, by the computing device, a particular meter
used to determine a particular consumption distribu-
tion, the particular meter selected based on a Kendall
Tau coetlicient of the particular consumption distribu-
tion;

estimating, by the computing device, an amount of cloud-
based resources to allocate for a future period of time
using the particular meter and an approximate Shapley
value computed based on a difference between the
amount of cloud-based resources reserved for con-
sumption and the total amount of cloud-based resources
consumed; and

allocating, by the computing device, the estimated amount
of cloud-based resources for the future period of time.

2. The method as described 1in claim 1, wherein the
particular meter 1s selected based on a Copula-based index
of the particular consumption distribution.

3. The method as described 1n claim 1, further comprising,
distributing the estimated amount of cloud-based resources
among the client devices during the future period of time.
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4. The method of claim 1, wherein the approximate
Shapley value attributes a portion of the difference to each
client device of the client devices based on values of the
particular meter.

5. The method as described 1n claim 1, wherein the
particular meter 1s configured to measure valve core hours.

6. The method as described in claim 1, wherein the
particular meter 1s configured to measure ingest request
timer counts.

7. The method as described 1n claim 1, wherein the
particular meter 1s configured to measure ngest request
latency.

8. The method as described 1n claim 1, wherein the
difference 1s a positive number that represents an amount of
wasted cloud-based resources during the period of time and
the approximate Shapley value attributes a portion of the
amount of wasted cloud-based resources to each client
device of the client devices.

9. The method as described 1n claim 1, wherein the
Kendall Tau coetlicient 1s greater than a Kendall Tau coet-
ficient of a current consumption distribution determined
using a default meter that measured the total amount of
cloud-based resources consumed.

10. The method as described in claam 9, wherein a
Copula-based 1index of the particular consumption distribu-
tion 1s greater than a Copula-based index of the current
consumption distribution.

11. A system comprising:

a consumption module implemented at least partially 1n
hardware of a computing device to:
receive resource data describing an amount of cloud-
based resources reserved for consumption by client
devices during a period of time and a total amount of
cloud-based resources consumed by the client
devices during the period of time; and

determine consumption distributions that attribute a
portion of the total amount of cloud-based resources
consumed to each client device of the client devices,
cach of the consumption distributions determined
using a meter icluded 1n a set of meters;

a selection module implemented at least partially 1n the
hardware of the computing device to select a particular
meter used to determine a particular consumption dis-
tribution, the particular meter selected based on a
Copula-based index of the particular consumption dis-
tribution;

an estimate module implemented at least partially in the
hardware of the computing device to estimate an
amount of cloud-based resources to allocate for a future
period of time using the particular meter and an
approximate Shapley value computed based on a dif-
ference between the amount of cloud-based resources
reserved for consumption and the total amount of
cloud-based resources consumed; and

an allocation module implemented at least partially 1n the
hardware of the computing device to allocate the esti-
mated amount of cloud-based resources for the future
period of time.

12. The system as described in claim 11, wherein the
particular meter 1s selected based on a Kendall Tau coetli-
cient of the particular consumption distribution.

13. The system as described in claim 11, wherein the
particular meter 1s configured to measure valve core hours,
ingest request timer counts, or igest request latency.
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14. The system as described 1in claim 11, wherein the
approximate Shapley value attributes a portion of the dii-
ference to each client device of the client devices based on
values of the particular meter.

15. The system as described 1 claam 11, wherein the
Copula-based index 1s greater than a Copula-based index of
a current consumption distribution determined using a
default meter that measured the total amount of cloud-based
resources consumed.

16. One or more computer-readable storage media com-
prising instructions stored thereon that, responsive to execu-
tion by a computing device, causes the computing device to
perform operations including:

receiving resource data describing an amount of cloud-
based resources reserved for consumption by client
devices during a period of time and a total amount of
cloud-based resources consumed by the client devices
during the period of time;

determining consumption distributions that attribute a
portion of the total amount of cloud-based resources
consumed to each client device of the client devices,
cach of the consumption distributions determined using
a meter included 1n a set of meters;

selecting a particular meter used to determine a particular
consumption distribution, the particular meter selected
based on a Kendall Tau coeflicient and a Copula-based
index of the particular consumption distribution;
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estimating an amount of cloud-based resources to allocate
for a future period of time using the particular meter
and an approximate Shapley value computed based on
a difference between the amount of cloud-based
resources reserved for consumption and the total
amount of cloud-based resources consumed; and

allocating the estimated amount of cloud-based resources
for the future period of time.

17. The one or more computer-readable storage media as
described in claim 16, wherein the particular meter 1is
configured to measure valve core hours, ingest request timer
counts, or mgest request latency.

18. The one or more computer-readable storage media as
described 1n claim 16, wherein the difference 1s a positive
number that represents an amount of wasted cloud-based
resources during the period of time and the approximate
Shapley value attributes a portion of the amount of wasted
cloud-based resources to each client device of the client
devices.

19. The one or more computer-readable storage media as
described 1n claim 16, wherein the cloud-based resources
include an amount of bandwidth, an amount of storage
capacity, or an amount of time using a virtual machine.

20. The one or more computer-readable storage media as
described in claim 16, wherein the Kendall Tau coeflicient 1s
greater than a Kendall Tau coeflicient of a current consump-
tion distribution determined using a default meter that
measured the total amount of cloud-based resources con-
sumed.
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